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DESCRIPTION 

ARRAY ANTENNA RADIO COMMUNICATION APPARATUS AND 
WEIGHT COEFFICIENT GENERATING METHOD 



Technical Field 

The present invention relates to an array 
antenna radio communicat ion apparatus and a weight 
coefficient generating method. 



Background Art 

An array antenna radio communication apparatus 
is a radio communication apparatus that comprises 
a plurality of antennas and is capable of setting 
directivity freely by making an adjustment of each 
of amplitude and a phase to signals received via the 
respective antennas. The adjustments of amplitude 
and the phase to a received signal is carried out 
by multiplying the received signal by weight 
coefficient (hereinafter referred to as "weight" ) . 

The array antenna radio communication apparatus 
adjusts weights to multiply, making it possible to 
receive only a signal incoming from a desired 
direction intensively. It is thereby possible for 
the array antenna radio communication apparatus to 
maintain a reception SIR (Signal to Interface Ratio) 
on the signal incoming from the desired direction. 

The conventional array antenna radio 
communication apparatus, however, has the following 



problems when it is applied to a mobile communication 
base station apparatus (hereinafter referred to 
"base station") used in a CDMA radio communication 
system . 

5 More specifically, in the CDMA radio 

communication system, communication between the 
base station and each mobile communication terminal 
apparatus (hereinafter referred to as "mobile 
station") is performed in such a way that a different 
=1 10 spread code is assigned to each mobile station and 
the same frequency band is used at each mobile 

5^ station. 

[if 

In the casewhere a mobile station that transmits 

*y 

^ - signals having high reception power in the base 

M 15 station and a mobile station that transmits signals 

[M having low reception power in the base station exist, 

Q 

Q the signals having high reception power cause 

interference with signals having low reception power 
since communications are performed using the same 

20 frequency band. For this reason, the base station 
cannot maintain the reception SIR of signals having 
low reception power high, with the result that the 
base station cannot find out the direction where the 
mobile station that transmits signals having low 

25 reception power exists. 

Accordingly, this causes a problem in which the 
base station can form directivity to the mobile 
station that transmits signals having high reception 



power but cannot form directivity to the mobile 
station that transmits signals having low reception 
power . 

Further, in the case where the base station 
5 cannot form directivity to the mobile station that 
transmits signals having low reception power, the 
base station transmits signals in all directions when 
transmitting signals to the mobile station that 
transmits signals having low reception power* This 

10 causes a problem in which the signals, which are sent 
to the mobile station that transmits signals with 
low reception power, result in interference signals 
with other mobile stations. 

Furthermore, in the base station that performs 

15 weight control using an algorithm of MMSE (Minimum 
Mean Square Error) standard, the signals with low 
reception power do not occur interference with the 
signals with high reception power in some instances* 
In this case, the base station can maintain reception 

2 0 SIR of signals with high reception power sufficiently 
high without forming directivity to the mobile 
station that transmits signals with high reception 
power. Namely, the base station does not form 
directivity to the mobile station that transmits 

25 signals with high reception power. In the case where 
the base station does not form directivity to the 
mobile station that transmits signals with high 
reception power, the base station transmits signals 
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in all directions when transmitting signals to the 
mobile station that transmits signals with high 
reception power. Hence, this causes a problem in 
which the signals, which are sent to the mobile 
5 station that transmits signals with high reception 
power, result in interference signals with other 
mobile stations- 
Disclosure of Invention 

10 It is an object of the present invention is to 

provide an array antenna radio communication apparatus 
capable of forming directivity with an excellent 
convergence to a mobile station to which the 
directivity is not formed yet, and relates to a weight 

15 coefficient generating method* 

The inventor of the present invention has found 
out that reception weights and radiation patterns 
can be formed to the mobile station to which the 
directivity is not formed yet by use of the radiation 

20 patterns formed to the other mobile station. 

Namely, in order to achieve the above object, 
the present invention detects a null point of the 
radiation pattern formed to the other mobile station 
and estimates the direction where the other mobile 

25 station exists based on the null point, whereby 
forming a radiation pattern to the mobile station 
to which the directivity is not formed yet. 



Brief Description of Drawings 

FIG. 1 is a block diagram of main parts 
illustrating a general configuration of an array 
antenna radio communication apparatus according to 
the first embodiment of the present invention; 

FIG. 2A is a view illustrating a state that 
radiation patterns are formed by the array antenna 
radio communication apparatus according to the first 
embodiment of the present invention; 

FIG. 2B is a view illustrating a state that 
radiation patterns are formed by the array antenna 
radio communication apparatus according to the 
second embodiment of the present invention; 

FIG. 3 is a block diagram of main parts 
illustrating a general configuration of an array 
antenna radio communication apparatus according to 
the second embodiment of the present invention; and 

FIG. 4 is a block diagram of main parts 
illustrating a general configuration of an array 
antenna radio communication apparatus according to 
the third embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be 

specifically described with reference to drawings 

accompanying herewith . 

{First embodiment ) 

Assuming that mobile stations that transmit 



interference signals exist in the directions serving 
as null points of radiation patterns with respect 
to a mobile station to which the directivity is formed 
already. In other words, it can be considered that 
other mobile stations exist in the directions serving 
as a null point. Hence, according to the embodiment 
of the present invention, the null points of 
radiation patterns formed to the other mobile 
stations are detected to estimate the directions 
where the other mobile stations exist, generating 
weights to the mobile station to which the 
directivity is not formed yet so as to form radiation 
patterns using the weights as reception weights. 

An explanation will be given of the array antenna 
radio communication apparatus and weight 
coefficient generating method according to the first 
embodiment of the present invention. FIG. 1 is a block 
diagram of main parts illustrating a general 
configuration of the array antenna radio 
communication apparatus according to the first 
embodiment of the present invention. It is noted that 
the array antenna radio communication apparatus 
illustrated in FIG. 1 is onethat is normally provided 
in the base station. Hence, the following explanation 
is given on the assumption that communications 
between the mobile station and the array antenna 
radio communication apparatus are performed. 

In FIG. 1, each ofmobile stations 101-1 to 101-3 



is the mobile station that performs communications 
with the array antenna radio communication apparatus . 
A radio section 103 provides predetermined radio 
processing to signals received via antennas 102-1 
to 102-3. Demodulators 104-1 to 104-3 multiply 
received signals by spread codes assigned to the 
mobile stations 101-1 to 101-3, respectively, and 
provide demodulation processing to the received 
signals for each antenna. Reception weight 
generators 105-1 to 105-3 provide adaptive signal 
processing to the demodulated signals for each 
antenna, thereby generating reception weights. 
Radiation pattern generators 106-1 to 106-3 generate 
radiation patterns using generated reception 
weights . 

A control section 107 controls reception 
weights based on radiation patterns already formed. 
Null detectors 108-1 to 108-3 detect the null-point 
directions of the respective radiation patterns 
formed to the mobile stations 101-1 to 101-3. Then, 
they output information (hereinafter referred to as 
"null information"), indicative of detected 
null-point directions, to a notifying section 109. 
The notifying section 109 notifies estimators 110-1 
to 110-3 of all null information. The estimators 
110-1 to 110-3 estimate the directions where mobile 
stations that cause interference with the respective 
mobile stations 101-1 to 101-3 exist, and generate 
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reception weights such that the respective null 
points are directed to the estimated directions using 
null information. The generated reception weights 
are used as initial values of reception weights at 
the reception weight generators 105-1 to 105-3, 
respectively. 

An explanation will be next given of the actions 
of the array antenna radio communication apparatus 
having the aforementioned configuration. FIGS. 2A 
and 2B are views each illustrating a state that 
radiation patterns are formed by the array antenna 
radio communication apparatus according to the first 
embodiment of the present invention. 

Herein, assuming that directivity is already 
formed as illustrated in radiation patterns 201 and 
202 regarding the mobile stations 101-1 and 101-2. 
Also, supposing that directivity has not been formed 
yet as illustrated in a radiation pattern 203-A 
regarding the mobile stations 101-3. 

First, the null detector 108-1 detects the 
null-point direction of the radiation pattern 201 
generated by the radiation pattern generator 106-1. 
More specifically, the null detector 108-1 detects 
0. and 135. as null-point directions, and outputs 
them to the notifying section 109 as null information 
1 . 

Further, the null detector 108-2 detects the 
null-point direction of the radiation pattern 202 
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generated by the radiation pattern generator 106-2. 
More specifically, the null detector 108-2 detects 
-105 • and 135, as null-point directions, and 
outputs them to the notifying section 109 as null 
5 information 2. 

In addition, the null detector 108-3 cannot 
detect the null-point direction from the radiation 
pattern 203-A generated by the radiation pattern 
generator 106-3. Hence, the null detector 108-3 

10 outputs information, indicating impossibility of 
detection, to the notifying section 109* 

The notifying section 109 judges that 
directivity relating to the mobile station 101-3 has 
not yet been formed based on information indicating 

15 impossibility of detection. Then, the notifying 
section 109 outputs null information 1 and null 
information 2 to the estimator 110-3 corresponding 
to the mobile station 101-3. 

The estimator 110-3 estimates the directions 

20 where the mobile stations 101-1 and 101-2, each 
causing interference with the mobile station 101-3, 
exist in the following way. 

Namely, the estimator 110-3 estimates that 
there is the mobile station 101-2 or mobile station 

25 101-3 that causes interference with the mobile 

station 101-1 in the direction of 0. or 135. based 
on null information 1 . 

Also, the estimator 110-3 estimates that there 

mi 1 1 " it 



is the mobile station 101-1 or mobile station 101-3 
that causes interference with the mobile station 
101-2 in the directions of -105. or 135. based on 
null information 2. 
5 After that, the estimator 110-3 estimates that 

there is the mobile station 101-3 in the direction 
of 135. where all null points lie on upon another 
based on comparison between null information 1 and 
null information 2. The estimator 110-3 also 

10 estimates that there is the mobile station 101-1 or 
mobile station 101-2 that causes interference with 
the mobile station 101-3 in the directions where null 
points are formed except the direction of 135 
. , namely ,-105. and 0. . 

15 Then, the estimator 110-3 generates a reception 

weight such that the radiation pattern indicated by 
203-B is formed, that is, the radiation pattern where 
the nulls are directed to the directions of -105 
and 0. and a beam is directed to the direction 

20 of 135 . based on the estimation result. The 
estimator 110-3 outputs the generated reception 
weight to the reception weight generator 105-3 as 
an initial value of reception weight. The reception 
weight generator 105-3 sequentially updates the 

25 reception weight using the reception weight 
generated by the estimator 110-3 as an initial value. 

Additionally, as an algorithm that is used to 
generate the reception weight, there is an adaptive 
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array with directional constraint (DCMP adaptive 
array) that can form a radiation pattern which 
directs the beam to the direction where a desired 
mobile station exists and which directs the null to 
the direction where a mobile station that causes 
interference exists. 

Thus, according to the array antenna radio 
communication apparatus and the weight coefficient 
generating method of this embodiment , the null points 
of the radiation patterns formed to the other mobile 
stations are detected to estimate the directions 
where the other mobile stations exist, whereby 
generating a weight with respect to the mobile 
station to which the directivity is not formed yet 
and forming a radiation pattern using the weight as 
a reception weight* This makes it possible to form 
directivity with high accuracy in a short time with 
respect to the mobile station to which the 
directivity is not formed yet. 

(Second embodiment ) 

In the array antenna radio communication 
apparatus and the weight coefficients generating 
method according to this embodiment, the reception 
quality in the case of using the radiation pattern, 
which is already formed, is compared with the 
reception quality in the case of not using the 
radiation pattern, which is already formed. Whereby, 
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a weight with respect to the mobile station to which 
the directivity is not formed yet is generated, and 
the radiation pattern is formed using the weight as 
a reception weight. 

In the first embodiment, since the radiation 
patterns of the mobile station 101-1 and the mobile 
station 101-2 are formed, the radiation pattern of 
the mobile station 101-3 can be formed. However, in 
the case where the radiation pattern of the mobile 
station 101-1 or the mobile station 101-2 is not 
formed, the radiation pattern of the mobile station 
101-3 cannot be formed in the first embodiment. 

Now, for example, supposing that the radiation 
pattern of the mobile station 101-2 is not formed. 
The radiation pattern of the mobile station 101-3 
must be formed using only null information 1 because 
no null information 2 exists. However, it is 
impossible to estimate in which of directions 0. 
and 135. the mobile station 101-2 exists by use of 
only null information 1. For this reason, it is 
impossible to judge in which direction the null point 
should be formed regarding the radiation pattern of 
the mobile station 101-3. 

Hence, according to this embodiment, the 
reception quality using the radiation pattern of the 
mobile station 101-1, which is already formed, is 
compared with the reception quality using no 
radiation pattern of the mobile station 101-1, which 
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is already formed, thereby forming the radiation 
pattern to the mobile station 101-3 to which the 
directivity is not formed yet. 

FIG. 3 is a block diagram of main parts 
5 illustrating a general configuration of an array 
antenna radio communication apparatus according to 
the second embodiment of the present invention. In 
addition, some portions in this embodiment are 
assigned the same symbols as those of corresponding 
10 portions in the first embodiment and its explanation 
is omitted. 

Comparators 301-1 to 301-3 compare the 
reception qualities of received signals multiplied 
in the reception weight generators 105-1 to 105-3 

15 by initial values of reception weights estimated by 
the estimators 302-1 to 302-3 with the reception 
qualities of received signals to which such 
multiplication is not performed, respectively. 
Herein, the reception quality refers to SIR of 

20 received signals or reception power etc. 

An explanation will be next given of the actions 
of the array antenna radio communication apparatus 
having the aforementioned configuration. Herein, 
supposing that only the radiation pattern of the 

25 mobile station 101-1 is already formed and that the 
radiation pattern of the mobile station 101-3 is 
formed based on this radiation pattern. 

The notifying section 109 outputs null 



information 1 to the estimator 302-3 corresponding 
to the mobile station 101-3. The estimator 302-3 
generates a recept ion weight such that the radiation 
pattern is formed where the null points are formed 
5 in the same directions as the directions of null 

points (0, and 135. ) indicated by null information 
1, and outputs the generated reception weight to the 
reception weight generator 105-3 as an initial value 
of the reception weight. 

10 The reception weight generator 105-3 outputs 

a signal obtained by multiplying the received signal 
by the initial value of the reception weight and a 
signal which is not subjected to the multiplication 
to the comparator 301-3. The comparator 301-3 

15 me a s ures the reception quality of the signal obtained 
by multiplying the received signal by the initial 
value of the reception weight and the reception 
quality of the signal which is not subjected to the 
multiplication to compare. Then, the comparator 

20 301-3 sends the comparison result to the estimator 
3 02-3. 

In the case where the reception quality of the 
signal obtained by multiplying the received signal 
by the initial value of the reception weight is better 
25 than the reception quality of the signal which is 
not subjected to the multiplication, the estimator 
302-3 judges that there is a mobile station that 
causes interference with the mobile station 101-3 
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in the direction where the null point is formed, and 
outputs the initial value of the reception weight 
to the reception weight generator 105-3 without 
updating it* 

While, in the case where the reception quality 
of the signal obtained by multiplying the received 
signal by the initial value of the reception weight 
is poorer than the reception quality of the signal 
which is not subjected to the multiplication, the 
estimator 302-3 judges that there is the mobile 
station 101-3 as a target of directivity to be formed 
in the direction where the null point has been formed . 
Then, the estimator 3 02-3 newly generates a reception 
weight such that the radiation pattern is formed 
where the null points are formed in the directions 
other than the directions (0, and 135. ) indicated 
by null information 1, and outputs the newly 
generated reception weight as an updated initial 
value of reception value to the reception weight 
generator 105-3. 

Now, herein, the case in which the reception 
quality of the signal obtained by multiplying the 
received signal by the initial value of the reception 
weight is better than the reception quality of the 
signal which is not subjected to the multiplication 
is as follows. Namely, SIR or reception power of the 
multiplied signal is higher than that of the 
non-multiplied signal. The case in which the 
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reception quality of the signal obtained by 
multiplying the received signal by the initial value 
of the reception weight is poorer than the reception 
quality of the signal which is not subjected to the 
multiplication is as follows. Namely, SIR or 
reception power of the multiplied signal is below 
that of the non-multiplied signal. 

Additionally, in the case where weight 
control is performed using the algorithm of MMSE 
standard, an error between the received signal and 
a reference signal may be used in place of SIR or 
reception power to make it possible to carry out the 
aforementioned judgment in accordance with the value 
of the error. 

Thus, according to the array antenna radio 
communication apparatus and the weight coefficients 
generating method of this embodiment, the reception 
quality in the case of using the radiation pattern, 
which is already formed, is compared with the 
reception quality in the case of not using the 
radiation pattern, which is already formed. Whereby, 
a weight with respect to the mobile station to which 
the directivity is not formed yet is generated, and 
the radiation pattern is formed using the weight as 
a reception weight. This makes it possible to form 
directivity having high accuracy in a short time with 
respect to the mobile station to which the 
directivity is not formed yet even in the case where 
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a plurality of mobile stations to which the 
directivities are not formed yet exist, 

(Third embodiment ) 

In the array antenna radio communication 
apparatus and the weight coefficients generating 
method according to this embodiment, transmission 
weights are generated using reception weights 
estimated from the radiation patterns of the other 
mobile stations* 

FIG. 4 is a block diagram of main parts 
illustrating a general configuration of an array 
antenna radio communication apparatus according to 
the third embodiment of the present invention. In 
addition, some portions in this embodiment are 
assigned the same symbols as those of corresponding 
portions in the first embodiment and its explanation 
is omitted . 

Transmission weight generators 401-1 to 401-3 
generate transmission weights using initial values 
of reception weights generated by the estimators 
110-1 to 110-3. Weight multipliers 402-1 to 402-3 
multiply transmission signals by the transmission 
weights, respectively. Modulators 403-1 to 403-3 
multiply the transmission signals by spread codes 
to provide predetermined modulation processing to 
the transmission signals. The radio section 103 
provides predetermined radio processing to the 
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modulated transmission signals and transmits them 
to themobile stations 101-1 to 101-3 via the antennas 
102-1 to 102-3. 

An explanation will be next given of the actions 
of the array antenna radio communication apparatus 
having the aforementioned configuration. 

The estimator 110-3 generates a reception 
weight such that the radiation pattern indicated by 
203-B of FIG.2B is formed, that is, the radiation 
pattern where the null points are formed in the 
directions of -105. and 0. and the directivity is 
formed in the direction of 135 . based on the 
estimation result. The estimator 110-3 outputs the 
reception weight to the transmission weight 
generator 401-3. 

The transmission weight generator 401-3 
generates a transmission weight using the reception 
weight with consideration given to a frequency 
difference of transmission and reception. The weight 
multiplier 4 02-3 multiplies the transmission signal 
by the generated transmission weight. Whereby, the 
transmission signal provided with the directivity 
is transmitted from the radio section 103 via 
antennas 102-1 to 102-3. 

Thus, according to the array antenna radio 
communication apparatus and the weight coefficients 
generating method of this embodiment, the 
transmission weight is generated using the reception 
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weight estimated based on the radiation patterns of 
the other mobile stations. This makes it possible 
to transmit a signal to the mobile station on which 
has not been generated the reception weight yet with 
the directivity that does not cause interference with 
the other mobile stations. 

In addition, the aforementioned first to third 
embodiments may be suitably combined and carried out . 

As explained above, according to the present 
invention, it is possible to form directivity with 
an excellent convergence to the mobile station to 
which the directivity is not formed yet. 

The application is based on the Japanese Patent 
Application No. HE I 1 1-299051 filed on October 21, 
1999 , entire content of which expressly incorporated 
by reference herein. 



Industrial Applicability 

The present invention 
station apparatus used in 
sy s t em . 



is applicable to a base 
a mobile communication 
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CLAIMS 

1. A radio communication apparatus that forms 
a directivity using an array antenna composed of a 
plurality of antenna devices, said radio 



a detector for detecting a null point of a 
radiation pattern for a communicating party to which 
a directivity is formed already; 

an estimator for estimating a direction where 
the communicating party exists using the detected 
null point; and 

a generator for generating a weight coefficient 
for a communicating party to which a directivity is 
not formed yet in accordance with an estimation 
result . 

2. The radio communication apparatus according 
to claim 1, wherein said estimator performs a 
comparison of the null points of the radiation 
patterns for a plurality of communicating parties 



, and estimates that there is a communicating party 
that causes interference with a communicating party 
to which the directivity is not formed yet in a 
direction where the null point is not formed in any 
one of the radiation patterns, and said generator 
generates the weight coefficient by which the 
directivity is formed in the direction where the 
null point is not formed. 



communication apparatus compr is ing : 



to which the 



ies are formed already 
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3. The radio communication apparatus according 
to claim 1, wherein said estimator estimates that 
there is a communicating party to which the 
directivity is not formed yet in a direction where 

5 the null points are formed in all radiation patterns 
of a plurality of communicating parties to which the 
directivities are formed already, and said generator 
generates the weight coefficient by which the 
directivity is formed in the direction where the null 
10 points are formed. 

4. The radio communication apparatus according 
to claim 1, further comprising a comparator for 
comparing a first reception quality in the case of 
using the weight coefficient by which the directivity 

15 has already formed with a second reception quality 
in the case of not using the weight coefficient, and 
said estimator estimates a direction where a 
communicating party exists in accordance with a 
comparison result . 

2 0 5 . The radio communication apparatus according 

to claim 4, wherein said estimator estimates that 
there is the communicating party that causes 
interference with the communicating party to which 
the directivity is not formed yet in the direction 

25 where the null point is formed when the first 
reception quality is better than the second reception 
quality, and said generator generates the weight 
coefficient such that the null point is formed in 
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the direction where the null point is formed. 

6. The radio communication apparatus according 
to claim 4, wherein said estimator estimates that 
there is the communicating party to which the 
directivity is not formed yet in the direction where 
the null point is formed when the first reception 
quality is poorer than the second reception quality, 
and said generator generates a weight coefficient 
such that the directivity is formed in the direction 
where the null point is formed. 

7. The radio communication apparatus according 
to claim 1, further comprising a transmission 
coefficient generator for generating a weight 
coefficient by which a transmission signal is 
multiplied using the weight coefficient generated 
by said generator. 

8. A base station apparatus having a radio 
communication apparatus that forms a directivity 
using an array antenna composed of a plurality of 
antenna devices, said radio communication apparatus 
compr is ing : 

a detector for detecting a null point of a 
radiation pattern for a communicating party to which 
a directivity is formed already; 

an estimator for estimating a direction where 
the communicating party exists using the detected 
null point; and 

a generator for generating a weight coefficient 
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for a communicating party to which a directivity is 
not formed yet in accordance with an estimation 
result . 

9. A weight coefficient generating method 
comprising the steps of: 

detecting a null point of a radiation pattern 
for a communicating party to which a directivity is 
formed already; 

estimating a direction where the communicating 
party exists using the detected null point; and 

generating a weight coefficient for a 
communicating party to which a directivity is not 
formed yet in accordance with an estimation result. 
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ABSTRACT 

Null detectors 108-1 to 108-3 detect the 
directions of null points of the respective radiation 
patterns formed for mobile stations 101-1 to 101-3 
and output information indicative of detected 
null-point directions to notifying section 109, 
notifying section 109 notifies estimators 110-1 to 
110-3 of all null information, and estimators 110-1 
to 110-3 estimate the directions where mobile 
stat ions that cause interference with the respective 
stations 101-1 to 101-3 exist, and generate reception 
weights using null information. 
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APPLICATION FOR UNITED STATES PATENT 
Declaration for Patent Application 



> < As a below named inventor, I hereby declare that: 

Mv residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 

the invention entitled: ARMY AA/T£AWA Mt>/6 £#AAMUM/CAT,/>A/ Afj&RATM A//d C^B-B^fCfB^T 



the specification of which 

(check at least one) 3 [ x ] 

4[ ] 
6[ ] 



2 (file no 



is attached hereto 

was filed on 

and was amended 



_as (5) U.S. Application Serial No^ 



(if applicable) 



Use this 
portion 
only if you 
are entering 
the U.S. 
National 
phase based 

on a PCT 
Internationa] 
Application 
designating 
the U.S. 



7 [ ] was filed as PCT international application 

8 Number PrT/TPon/079^ *S 



on October 19, 2000 ^ 



and was amended under PCT Article(s) 19 and/or 34 
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on 



(if applicable). 



QI hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended 
by any^. jpiendment referred to above. 

ffi ac ^°wledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to 
patentability m accordance with Title 37, Code of Federal Regulations, §1.56. material to 

♦■ f ■ Sf vT*i C ! f Tu gD PI !°^ bCnefitS Under ™ e 35 ' United StateS Code ' §119 of an y forei S* application (s) for patent or inventor's 
certified bsted below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
a P phc^n (s ) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date 
earlier t|^n that of the apphcation(s) on which priority is claimed. B s 



3 Prior (Foreign) Applications^) any Priority Claims Under 35 TT.S.r 1 ^ Q 



Priority Claimed 



n4i 



Japan 



(Country) 



Hll-299051 ^ 

(Number) 



21/October/1999- 



(Day/Month/Year Filed) 



[X] 
Yes 

[ ] 

Yes 



No 

[ ] 

No 



til (Country) (Number) (Day/Month/Year Filed) 

U\ ] Additional foreign application numbers are listed on a supplemental priority data sheet attached hereto. 

Priority Claim(s) from U.S Provisional Application(s) - 1 hereby claim the benefit under Title 35, United States Code, §1 19(e) of any 
United States provisional apphcation(s) listed below: U1 



lib- 



Application No. 



Day/Month/Year Filed 



Application No. 



Day/Month/Year Filed 



Do not use this 
portion to identify a 
PCT application if the 
parent application is 
the U.S. National 
phase of the PCT 
application 



I hereby claim the benefit under Tide 35, United States Code, 120 of any United States application^) or 
PCT international applications) designating the United States of America that is/are listed below and insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior applicati'on(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application 
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(U.S. Application Number) (U.S. Filing Date) Status (patented, pending, abandoned) 



I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office: 



3 



^ James E. Ledbetter, Reg^No~28232* Thomas P. Pavelko, Reg. No. 31689: and Anthony P. Venturino, Reg. No. 31674. 

ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
STEVENS. DAVIS. MILLER & MOSH ER. T..T .P.. 1615 T. St™>t N W S.,ity ggft W ashing™ n r 20036 
TELEPHONE (2021 408-5100. FACSIMfT-F. nst)\ df\k.^7i^_ _ ' B ' ' 



e 1998 Stevens, Davis, Miller & Mosher } L.L.P. 



See page 2 for signature lines 



other side for instructions for completing this form 



V . * INSTRUCTIONS FOR COMPLETION OF THIS FORM 

liner 1 * Insert the same title as is used on the specification and in the assignment. 

line 1 Is optional but is provided so that you can use it to identify more readily an application prior to the time that the Patent Office application serial number is 

assigned. We^ suggest that the specification, drawings and declaration always bear a file number since it can help to get the papers together in case they become inadvertently 

separated. In instances where the specification is filed without a signed declaration form (under 37 CFR §1.53) a file number on a later-received separate form will assist us 
in associating it with the correct case. 

line 3 Check this box if the specification, claims and drawing (if any) are attached to this declaration form, e.g., when filing a new patent application. 

lines 4-5 Are only used in an instance where the application is already on file and the declaration from is being separately filed, e.g.,when the application was 

originally filed without a signed declaration or where the Patent Office has required a new declaration because of a deficiency in the original declaration. In such an 
instance the Patent Office will require that lines 4 and 5 be completed with the filing date and application serial number already assigned. 

line 6 Is used in conjunction with line 5 but only when there have been one or more amendments to the specification or claims. Line 6 is also used when the 

Examiner requires a new declaration because claims inserted by amendment cover subject matter not originally claimed (37 CFR §1.67). 

lines 7-10 Are for PCT (Patent Cooperation Treaty) cases and are used only when you are entering the U.S. National phase (Chapter I or II) based upon a previously 
filed PCT International application designating the U.S. 

line 7 Check this box if this is a PCT National Phase application. 

line 8 Insert PCT International application number. 

line 9 Insert date of filing of PCT International application. 

lines 10 Insert the date of all amendments filed in the PCT International application. Such amendments are optional, so this line at times will not be used. 

line 11a Is used in the following instances: 

(i) If a single priority is being claimed from a foreign application you need to list only the first-filed application; you do not need to list other countries if all 
applications were filed within one year of the U.S. filing. 

(ii) If multiple priorities are being claimed, from a plurality of applications filed in one or more countries, you must list the first filed application for each aspect 
g| the invention. Example: if aspect A of the invention was disclosed in an application filed 1 1 months earlier in country X and aspect B was disclosed 9 months 
^|rlier in an application filed in country Y, then the applications in both countries X and Y must be identified. Only the first application for each aspect of the 
^|i^ention needs to be identified provided all applications on that aspect were filed within one year prior to the U.S. filing. 

Jj$i) If a non-priority application is being filed you must list all applications in all countries where corresponding foreign applications were filed more than one 
Jggbr prior to the U.S. filing. This is so the Examiner can check to see if any of those applications were published or patented early enough to be prior art against the 
@-S. application. 

If there are more than two applications to be listed we suggest that you type in on this form only "See attached Schedule A" and then list all of the previous 
^plications on an attached sheet. 

line lib;"' Is used to claim priority under 35 USC § 119(e) based on a provisional application filed within one year of the filing of the instant application. More than 
one provisional application may be identified provided neither was filed more than one year earlier. 

line 12 (ff This block is used only in instances where there is a previously filed U.S. non-provisional application which was copending at the time the present application 
was (or Hieing) filed, that previous application could be a U.S. non-provisional application or the National Phase of a PCT allocation. In such a case the present 
application^ may be entitled to the priority of the previous application's U.S. filing date (and consequently the foreign priority thereof) provided the present application is 
identified a continuing application (continuation, divisional or continuation-in-part) of the earlier (parent) application. If the foregoing is applicable, please fill in one line 
for each fetch prior application. 

line 13 Type the inventor's proper legal name in the order specified, e.g., "John B. JONES" or "J. Bob JONES" if the inventor so prefers. It is not acceptable to use 

only initials such as "J. B. JONES." 

line 14 The inventor's "signature" may be his (or her) usual manner of signing but it is preferable that the inventor simply write his (or her) name in his (or her) own 

cursive handwriting in the same order as on line 14, e.g., given name, middle initial and Family name. 

line 15 Insert the actual date of signature. 

line 16 Insert simply the city and state or country, e.g., "Paris, France", of the inventor's residence , not citizenship. No street address or postal code is required on 

this line. 



line 1 7 Insert the inventor's citizenship. The statement of citizenship (or subject of) is a statutory requirement (35 USC §115). Simply the name of the country of 

citizenship, e.g., "Japan" is sufficient. 

line 18 Insert the inventor's mailing address. The purpose of requiring the post office address is to enable the Patent Office to communicate directly with the 

inventor if desired, such as in the case of death of the U.S. attorney. It should be the address where the inventor customarily receives his (or her) mail and should include 
the postal code. If applicable it can be the inventor's business address or address at place of employment. 

Applicants are reminded that the U.S. Patent and Trademark Office has very strict requirements as to proper execution of an application. The applicant should 
make sure that he reviews the declaration, prior to signing to make sure the declaration properly identifies the application and all relevant information; and should review the 
specification and claims (including drawings, if any) before signing the declaration. Failure to do so will require the filing of a supplemental declaration — 37 CFR § 1.67(c). 

Any handwritten changes to the specification, claims or drawings must be in ink personally by all of the inventors prior to signing the declaration and the adjacent 
left margin must be initialed and dated by all of the inventors, e.g., "JBJ 6-9-91". 

Please let us know if there are any questions regarding proper completion of this form. Thank you. 

An assignment, a separate document requiring separate signature and dating may be enclosed. Please look for it and sign and date it in the same manner as in 
lines 15 and 16 above. 



".STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 

[ hereby *deckre that all statements made herein of my own know ledge are true and that all statements made on information and belief are believed to be true: and furthe r 
^that th«e statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title IS of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 
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Typewritten Full Name 

of Sole or First Inventor /~^& tJ . Takahisa^ 



AOYAMA 



Inventor's Signature 
Date of Signature 

Residence 



Citizenship 

Post Office Address 
(Insert complete mailing 
address, including country) 



Given Name 


Middle Name 

'Mil/ (A^mi^ 


Family Name 


Month (/ 




Y ftar 



Yokosuka-shi 



City 
JAPAN 



Kanagawa 



JAPAN 



State or Province 



Country 



2-25-1-102, Nobi, 



Yokosuka-shi, Kanagawa 239-0841 JAPAN 



13b Typewritten Full Name 

of Sole or First Inventor 

Given Name Middle Name Family Name 

14b Inventor's Signature 



15b... 


Date of Signature 








Q 




Month Day 


Year 


16bS 


Residence 








- IU 




City 


State or Province 


Country 


17b ;frf 


Citizenship 








18b£fl 


Post Office Address 










(Insert complete mailing 
address, including country) 








13c ^ 


Typewritten Full Name 
of Sole or First Inventor 














Given Name Middle Name 


Family Name 


i U 
14c f ^ 


Inventor's Signature 








15c 8 


Date of Signature 












Month Day 


Year 


16c 


Residence 












City 


State or Province 


Country 


17c 


Citizenship 








18c 


Post Office Address 
(Insert complete mailing 









address, including country) 



13d Typewritten Full Name 

of Sole or First Inventor 

Given Name Middle Name Family Name 

14d Inventor's Signature 



15d Date of Signature 



Month Day Year 
16d Residence 



City State or Province Country 

17d Citizenship 

1 8d Post Office Address 

(Insert complete mailing 

address, including country) 



*Note to Inventor: Please sign name on line 15 exactly as it appears in line 14 and insert the actual date of signing on line 16. 
copy of this page for identification and signatures for the additional inventors. 

1998 STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 



If there are more than four inventors, please add a 



